Ionic liquids are fluids composed solely of ions. Much of the recent scientific interest surrounding ionic liquids derives from the common perception that ionic liquids should behave as nonvolatile electrolyte "solutions" with an immense concentration of freely dissociated charges, typically assumed to be 50-100% of the maximum ion density. As a result, ionic liquids are under extensive investigation for use in a wide range of safe, high-efficiency electrochemical storage devices. However, this assumption has also caused numerous controversies within the scientific community regarding the electrochemical properties of ionic liquids.
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In this talk, I will discuss a recent study where direct surface force measurements across a typical ionic liquid were combined with thermodynamic arguments to demonstrate that less than 0.1% of the ions in typical ionic liquids should be freely dissociated and able to contribute to electrostatic screening and ionic conduction. The rest of the ions (> 99%) are aggregated into an effectively neutral, coordinated cation-anion network that behaves like a (nonconductive) dielectric solvent. Thus, ionic liquids are only weakly-dissociated and should instead exhibit electrostatic screening behavior that is analogous to dilute electrolyte solutions. Also provided is a general, molecular-scale framework that aims to clear up several paradoxes that have hampered progress within the ionic liquids community and guide the molecular design of novel, highly conductive ionic liquids and ionic liquid blends.
